Evolution of budding yeast after the removal of an important component of the polarization machinery, BEM1, followed reproducible evolutionary trajectories governed by epistasis. Interestingly, cells restored polarization not by finding a substitute for Bem1 but by rendering its function dispensable.
Evolution experiments with microorganisms have been instrumental in studying mechanisms of adaptive evolution and to understand the architecture and robustness of cellular networks [1] . Recent findings from Laan et al. showed that yeast cells deprived of an important component of the polarity module adaptively evolve and restore polarization ability upon serial passaging [2] . Analysis of several independently evolved yeast lines showed recurrent adaptive mutations that appeared in a specific temporal order due to epistatic interactions, providing a compelling example of how evolution could work through reproducible trajectories. Interestingly, restoration of the polarity function was not driven by replacing Bem1 with a similarly functioning protein but by acquisition of point mutations in other genes that made Bem1 function dispensable. The essential Rho family GTPase Cdc42 is the master regulator of cell polarity in budding yeast [3] . In wild-type cells, Bem1 acts as a scaffold, bringing Cdc42 together with its guanine nucleotide exchange factor (GEF), Cdc24, at the nascent polar cap [4] . Evolved bem1 deletion mutants described by Laan et al. instead acquired inactivating mutations in Bem2 and Bem3, two Cdc42 GTPase activating proteins [5] , thereby alleviating the deleterious effects caused by the reduced ability of Cdc24 to find its target at the polarization site. Compensatory evolution in response to genetic perturbations in the polarity machinery therefore reveals an unsuspected evolutionary plasticity in the regulation of this essential cellular function.
How Reproducible Is Evolution?
Evolution experiments have been widely used in the last decades to study dynamics of microbial evolution in response to a variety of perturbations [1] . Current genome sequencing technologies allow studying evolution in action by analyzing adaptive mutations as they unfold in multiple parallel lines under controlled laboratory conditions [6] . These advancements opened the possibility of testing the reproducibility of evolutionary processes. While in certain contexts adaptive mutations are rarely found in the same genes between replicate evolution lines, in other cases parallel evolution experiments appear to follow highly predictable paths [7] [8] [9] . In the report from Laan et al., adaptive mutations in replicate experiments occurred not only in the same genes but also in the same sequential order. This was shown to be due to epistatic genetic interactions, which are known to constrain evolutionary trajectories [10, 11] . We recently found evidence that convergent evolution towards the same adaptive strategy is also possible in yeast cells deprived of different subunits of the same sub-module of the nuclear pore complex [12] . In contrast, multiple divergent adaptive strategies were found to underlie evolution of novel cytokinesis mechanisms in yeast cells deleted of the essential cytokinesis gene MYO1 [13] . Why does inactivation of certain cellular functions lead to convergent compensatory evolution, while inactivation of others to a divergent one? While systematically addressing this question will be challenging, answers are likely to be found in the architecture of genetic networks. How genes and proteins interact with each other, how they organize themselves into structural and regulatory modules and how molecular pathways intersect with one another are all expected to contribute to determining the shape of fitness landscapes and channeling trajectories of adaptive evolution in response to genetic inactivation of important network nodes. Theoretically, while fewer adaptive strategies might be available in response to perturbation of simple pathways with little connectivity to other functional modules, a larger number of solutions could be adopted in cases where pathways have a higher degree of intra-and interconnectivity ( Figure 1) . Therefore, the question of reproducibility of evolution experiments might lead to answers about the complexity of molecular pathways.
How Do Cells Fix a Broken Function?
There are several ways in which microorganisms can compensate for the loss of a gene. For instance, cells might take advantage of pre-existing genetic redundancy, as was the case with deletion of the non-essential RPL6B gene that led to selection for increased copy number of its paralog RPL6A [9] . However, compensatory evolution to genetic perturbations in both essential and non-essential genes frequently resulted in acquisition of mutations in functionally related, yet not homologous, genes [9, 14, 15] . This was the case also for Laan et al., who did not recover among their evolved bem1 mutants any cells that appeared to have up-regulated the expression or the activity of proteins that are functionally redundant with Bem1. They instead observed selection for inactivating mutations in BEM2 and BEM3, none of which are homologous to BEM1. In other words, the predominant evolutionary strategy seems to be: if you can't bring in the activator, kill the inhibitors.
In other cases, such as compensatory evolution in response to essential gene deletion, adaptation occurred by tinkering with cellular components that were seemingly unrelated to the perturbed function. For instance, in all known eukaryotes, cytokinesis relies on the activity of the actomyosin ring, formed by actin filaments and a myosin-II motor protein, at the cleavage furrow; however, none of the evolved myo1 yeast strains restored the structure and function of the actomyosin ring, but instead performed cytokinesis using alternative mechanisms [13] . One of the best characterized evolved cytokinesis mechanisms involved closure of the cytokinetic furrow by thickening of the cell wall around the bud neck [13] , suggesting that the same essential cellular function (cytokinesis) could be achieved either by pulling the plasma membrane from the inside or by pushing it from the outside. In accordance with the existence of multiple different ways that cytokinesis can theoretically be achieved, the cellular slime mold Dictyostelium discoideum has been shown to perform, albeit only under certain circumstances, an efficient myosin-II-independent cytokinesis process that relied on polar traction forces [16] . In a recent genome-wide re-assessment of gene essentiality, we found that cells were able to adaptively evolve in response to deletion of 9% of all essential genes in the yeast genome [12] . Dissection of the evolutionary mechanisms underlying adaptation in response to the inactivation of nuclear pore complex subunits indicated that functional restoration did not involve fixation of the broken sub-module of the complex, but by modulation of a pathway controlling nuclear membrane fluidity [12] . Again, taken together, these observations suggest that functional restoration of essential cellular functions that have been perturbed by gene inactivation does not necessarily involve repair of the deleted function. Moreover, these findings can potentially explain why certain essential cellular components are not always conserved throughout evolution despite their function being retained. For example, it was recently described that the kinetochore of Trypanosoma brucei shares no homology with canonical kinetochore proteins and is actually built according to a distinct design principle [17] . These observations support the notion that during the course of evolution cells displayed remarkable plasticity and could carry out essential biological functions by adopting a variety of different solutions. 
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Dispatches
Flowers with only one sexual function typically result from the developmental suppression of the other. A recent study that shows how this is achieved has important implications for models of the evolution of separate sexes in plants.
Most plants are hermaphroditic, with all individuals possessing both male and female functions [1, 2] . In the majority of these plants, male and female functions occur in the same flower -their flowers are so-called 'perfect'. Many angiosperms, however, have separate male or female flowers, either on the same individual (a state known as 'monoecy', with all individuals functionally hermaphroditic) or on different individuals (known as 'dioecy', with individual flowers being either fully male or female). In these species, unisexual flowers typically result from the suppression or sterilization of one of the two genders, with feminized and masculinized flowers lacking functional stamens and carpels, respectively (Figure 1) . The extent to which the sterile gender is still represented by rudimentary and non-functional floral parts varies among species [3] .
The question of why angiosperms ''should ever have been rendered dioecious'' puzzled Darwin [4] and has attracted a good deal of theoretical and empirical work ever since -what are the advantages of separate sexes, and under what conditions could mutations spread that suppress one or other of the two sexual functions, e.g., [5] [6] [7] ? There appear to be plausible answers to these questions, with substantial empirical support (reviewed in [8] ) supporting well-developed theory (reviewed in [9] ). By contrast, the question of how, from a developmental genetics perspective, plants suppress carpels in some flowers and stamens in others, has remained a frustrated quest (but see [10] ; reviewed in [3] ). In a recent paper published in Science, Boualem et al. [11] describe elegant experiments with melons and cucumbers that reveals, for the first time, a network of genes involved in sex expression in monoecious plants with separate male and female flowers. Excitingly, although evidently not appreciated by the authors, their study also suggests how the full separation of the sexes might evolve along lines not invoked by classic evolutionary genetic models for dioecy in plants [7] , but rather in ways similar to sex determination in well-characterised animals (reviewed in [12] ).
The model for the gender development of flowers proposed by Boualem et al. [11] involves the interactive expression of
